Effluents originated in cellulose pulp manufacturing processes are usually toxic and recalcitrant, specially the bleaching effluents, which exhibit high contents of aromatic compounds (e.g. residual lignin derivates). Although biological processes are normally used, their efficiency for the removal of toxic lignin derivates is low. The toxicity and recalcitrance of a bleached Kraft pulp mill were assessed through bioassays and ultraviolet absorption measurements, i.e. acid soluble lignin (ASL), UV 280 , and specific ultraviolet absorption (SUVA), before and after treatment by an integrated system comprised of an anaerobic packed-bed bioreactor and oxidation step with ozone. Furthermore, adsorbable organic halides (AOX) were measured. The results demonstrated not only that the toxic recalcitrant compounds can be removed successfully using integrated system, but also the ultraviolet absorption measurements can be an interesting controlparameter in a wastewater treatment.
INTRODUCTION
Effluents originated in cellulose pulp manufacturing processes are usually toxic and recalcitrant, specially the bleaching effluents, which exhibit high contents of aromatic and halogenated organic compounds (e.g. residual lignin derivates). Wood extractive requires particular attention, as their toxic and mutagenic effects were already demonstrated with bioassays (Ali & Sreekrishnan 2001) . Although biological processes have largely been used, their efficiency for toxic and recalcitrant compounds removal is low.
A combination of biological treatment with chemical oxidation can be a solution to this problem. Important research on the combination of biological treatment and ozonation has been conducted in recent years (Ried et al. 2007 ). These authors concluded that the combination of chemical advanced oxidation processes (AOP) with biological oxidation processes have a great potential to remove recalcitrant and antropogenic substances from wastewater.
Bleaching Kraft effluents are generally treated with primary and secondary treatment. In these, the total carbonaceous organic matter is measured as COD (chemical organic demand), BOD 5 (biological organic demand) and TOC (total organic carbon). However, it is known that after the biological treatment, both colour and specific compounds that include lignin derivates and organochlorides remain in the effluent (Vidal et al. 2007) . For this reason, in the future, biological treatment alone may not be sufficient to provide the required effluent quality. In order to meet increasingly stringent discharge limits, pulp mills need to adopt technologically advanced treatment systems. Organic compounds such as chlorophenols are not fully degraded by biological processes, which require advanced oxidation after biological treatment to reduce refractory organics and toxicity from the pulp mill wastewater (Bijan & Mohseni 2004; Kargi chemical oxidation could be more toxic than the original compounds. This can be avoided by the correct process design and should be assessed for every application. In this context, ozone application seems to be more practicable due to selectivity of direct ozone reactions (Ried et al. 2007) Ozone is an extremely oxidant agent able to participate in many reactions with both organic and inorganic compounds. Considering the oxidant agents ozone is surpassed in its oxidation capability only by the fluoride and the hydroxyl radicals. Ozone reacts mainly with double bonds, activated aromatic systems and non-protonated amines (Von Gunten 2007). Its high oxidation potential and thus greater oxidizing power can be utilized in the form of molecular ozone or hydroxyl radical, thereby, the ozonation is considered as an advanced oxidation process.
Several studies were carried out applying ozone in pulp In this research it was investigated the removal of recalcitrant compounds from bleaching effluents using an integrated system, with a pre-treatment using an anaerobic packed-bed bioreactor followed by an oxidation step with ozone. Acute and chronic toxicity were examined.
MATERIAL AND METHODS

Experimental wastewater treatment system design
Wastewater
Wastewater was obtained from a Kraft pulp mill with ECF sequence (Elemental Chlorine Free) located in Sao Paulo state-Brazil. The mill processes approximately 630,000
tonnes/year of wood, primarily Eucalyptus. The bleaching sequence used is oxygen delignification, followed by hot chlorine dioxide (D hot ), alkaline extraction in the presence of oxygen and hydrogen peroxide (EOP) and a final stage with chlorine dioxide (D). Wastewater was collected from the alkaline and acid step of the fully bleached line. These effluents are discharged by the industrial plant in the ratio of 60% and 40%, respectively. The effluents were collected separately and mixed in the ratio of 60%:40% in the laboratory. This mixture was the model wastewater for this research. As received, the mixture was fully characterized by chemical oxidation demand, dissolved organic carbon, AOX, UV 280 , Specific Ultraviolet Absorption, Acid soluble lignin, acute and chronic toxicity.
Anaerobic packed-bed bioreactor stage
The Horizontal Anaerobic Immobilized Sludge bioreactor (HAIS) was selected for the biological treatment. Previous research showed that this particular wastewater was responsive to anaerobic treatment (Ruas 2008) . The HAIS bioreactor was comprised of a 1,000 mm long (L), 50 mm diameter (D) acrylic cylinder with a total volume of approximately 1,964 mL and an L/D of 20. The bed porosity
(1) was determined to be 0.4, thus resulting in the net volume of 800 mL. Polyurethane foam cubes (5 mm in size with an apparent density of 23 kg/m 3 ) were used as biomass immobilization support. The reactor was inoculated with granulated sludge from an UASB reactor treating effluent from poultry slaughterhouse (Avicola Dacar S.A., Tiete, state of Sã o Paulo, Brazil). The sludge was macerated and immobilized in the foam according to Zaiat et al. (1994) .
The HAIS reactor was kept in a temperature controlled chamber set at 308C^18C and operated with an organic load of 2.33^0.19 kg COD/m 3 d and a hydraulic retention time of 25 h during 306 days. The effluent from this reactor was subjected to ozone oxidation test without prior pH adjustment. The pH of the anaerobic reactor effluent was close to 8.5. The schematic diagram of the bench-scale HAIS bioreactor is shown in Figure 1 .
Ozone application
The effluent from the HAIS reactor was submitted to several oxidation tests with ozone (800 mL), aiming to modify or remove the toxic and recalcitrant residual compounds in this effluent. Ozone based oxidation experiments were conducted in a bench-scale reactor made of a cylindrical tube of of the bench-scale oxidation reactor is depicted in Figure 2 .
Experimental procedures
The anaerobic effluent was subjected to various ozonation tests without prior pH adjustment. To study the effect of the integrated system the parameters of Table 1 (Hamilton et al. 1977) .
Subsequently, chronic toxicity with Ceriodaphnia dubia was conducted to determine the concentration that could 
RESULTS AND DISCUSSION
The introduction of elemental chlorine free (ECF) bleaching process, and oxygen delignification substantially reduced bleaching chemicals use, effectively eliminated AOX levels and achieved significance decreases in recalcitrant compounds from bleached pulp and paper production. Despite of this, acute and chronic disturbances have been observed in aquatic organism (Vidal et al. 2007 ).
In addition, bleached pulp effluents have varaible aounts of chromophoric compounds, which results in colored discharges that increase the attenuation of sunlight in aquatic ecosystem. As shown in Table 2 , the raw wastewater has not only a significant content of toxic compounds indicated by acute and chronic toxicity measurements, but also recalcitrant compounds as lignin derivates, measured as UV 280 and ASL, and chlorinated compounds measured as AOX. The SUVA measurement offers a simple characterization of the nature of organic matter (NOM) based on the UV 254 absorbance. In particular, the SUVA value of the raw wastewater indicates that the bleached effluent is a mixture of both hydrophobic and hydrophilic compounds and also, a mixture of high and low molecular weights, as expected.
Lignin derivates
Colour in pulp mills is largely caused by the lignin derivates.
The major by-product from the bleaching of wood pulp is chlorolignin (Ali & Sreekrishnan 2001) . Lignin and its derivates have been found to offer resistance to degradation due to the presence of double bonds conjugated with an aromatic ring. Several studies have reported that the toxicity of this type of effluent is related to the presence of lignin derivates, and are detrimental not only to the anaerobic treatment, but also to the aquatic ecosystem (Chamorro et al. 2005) .
This work corroborates these findings. Figures 3 and 4 show correlations between acute and chronic toxicity and lignin derivates measured as UV 280 and ASL. Reduction of It can be seen that the ozone application does not generate by-products that modified the toxicity removal achieved in the anaerobic treatment moreover; it was observed an additional reduction of 12% and 51% resulting in an overall efficiency removal of 91% and 70% of acute and chronic toxicity, respectively. Based on these results, the ozone application was effective in degrading lignin chromophoric compounds, at alkaline conditions of pH, which are resistant to the anaerobic treatment.
Therefore, in the integrated system (Bio þ ozone) it was observed removal efficiencies of 51% and 43% of UV 280 and ASL, respectively. Recent research showed that combined processes are very efficient at removing recalcitrant compounds from pulp and paper industry effluents (Mobius & Helble 2004) .
Organochlorides
The majority of organochloride compounds present in pulp and paper mill effluents are high molecular weight chlorolignins (. 1,000 Da). These compounds are likely nonbiodegradable and have small contribution to the toxicity (Ali & Sreekrishnan 2001) . On the other hand, low molecular weight chlorinated compounds are major contributors to mutagenicity and bioaccumulation due to their hydrophobicity (Savant et al. 2006) . Figure 5 shows the behaviour of organochloride compounds measured as AOX. It can be seen, that the anaerobic treatment removes the major fraction of these compounds, reaching 47% of efficiency removal. This finding is in agreement with literature reports that suggest that anaerobic bacteria may be better suited to reductively dehalogenate highly chlorinated phenolic compounds. In contrast, we observed 29% an AOX discharge rate less than 1.5 Kg/ton of pulp (Savant et al. 2006) . In this study the decrease of AOX in the integrated system was 62%, corresponding to a discharge of 0.50 Kg/ton of pulp.
Specific ultraviolet absorption (SUVA)
Organic compounds that are aromatic in structure or that have conjugated double bonds absorb ultraviolet light (UV).
UV absorbance at 254 nm is often used as simple measurement for dissolved organic carbon (DOC) that is especially effective for waters containing aquatic humic substances (Edzwald 1993) . In addition, ECF effluents seem more susceptible to colour formation during biological treatment (Milestone et al. 2004 ). This could be because of the presence of soluble microbial products (SMP), defined as "The pool of organic compounds that are released into solution from substrate metabolism and biomass decay" (Barker & Stuckey 1999) .
Based on this, the SUVA measurement not only was studied to analyze the reduction of conjugated double compounds, but also to understand the colour transformation with another point of view. As shown in Figure 6 , the SUVA value indicates that after the anaerobic treatment new chromophoric groups of compounds appeared that could be soluble microbial products. Hence, it was observed an increment of 28% in the SUVA value. This result was further correlated with the colour values (data not shown).
There is not information reported in the literature about toxicity and SUVA, but according with our results this increment seems to be not exerting further influence in it. Edzwald & Tobiason (1999) present the guidelines for the interpretation of SUVA. According with these authors, after anaerobic processes the composition of the wastewater is a mixture of molecular weights and both hydrophobic and hydrophilic organic matter. As shown in Although recalcitrant and toxicity removal from pulp mill effluent using integrated system appears promising based on the results obtained in this work, other studies are required to improve the knowledge on the intermediates formed during anaerobic and ozone treatment. Furthermore, mutagenic genotoxic and economic studies must be taken into account.
CONCLUSIONS
Integrated treatment with horizontal anaerobic immobilized sludge bioreactor and ozone was studied. Further reduction at the ozonation treatment of UV 280 , ASL and AOX was obtained for specific dosage of 0.71 mg O 3 / mg COD. Both the acute and chronic toxicity were reduced in the anaerobic stage and in the case of ozone application it was observed an additional reduction of these parameters.
The integration of biological and ozone oxidation processes seemed to be a good alternative for industrial effluent treatment reducing recalcitrant compounds and toxicity. 
